The Kuroshima Knoll, located in the southwestern part of the Ryukyu Arc, is one of the best fields for the study of gas hydrate dissociation, because the Pressure-Temperature condition at the top of the knoll is close to the phase boundary between gas and hydrate. In order to understand the geothermal structure around the Kuroshima Knoll, heat flow and thermal conductivity measurements were carried out around the knoll during the R/V "Kaiyo" KY03-09 Cruise. During heat flow measurements we found that the vertical variation of water temperature was as large as 1.2 degC just above the seafloor at Sites A and B on top of the knoll. This can either be temporal or spatial variation, and it disturbs the subbottom temperature field significantly, possibly affecting the state of hydrate. The heat flow value is 42 mW/m 2 and thermal conductivity is 1.0 W/m/K at the Site 2 in the Yaeyama Basin. The thermal conductivity value in the Yaeyama Basin istypical for the ordinary marine sediment. On the other hand, the thermal conductivity is much higher (1.8 Wm -1 K -1 ) at the Calyptogena colony site (Site A) on top of the knoll.
Introduction
Cold seep is one of major phenomena on the seafloor and occurs not only along submarine active faults in accretionary prism but also in shelf-slope area. They are important to evaluate the total flux of methane through the sediment/water interface and to elucidate subseafloor fluid circulation. However, the origin of seep fluid, especially in relation to the dissociation of gas hydrate, is still unclear.
The chemosynthetic communities and carbonates at cold seep sites were found on top of the Kuroshima Knoll, which is located about 26 km south of the Ishigaki Island, the southwestern part of the Ryukyu Arc ( Fig. 1 ; Matsumoto et al., 1997 Matsumoto et al., , 1999 . Previous surveys using HOV "Shinkai 2000" and the ROV "Dolphin-3K" show the detailed distribution of chemosynthetic communities and carbonates on top of the knoll ( Fig. 2B ; Machiyama et al., 2001a Machiyama et al., , 2001b Machiyama et al., , 2003 Shinjo et al., 2001 ). Furthermore, more than 15 methane gas vents accompanied with Bathymodiolus colony were found at this site ( Fig. 2B ; Machiyama et al., 2001b) . The carbon and oxygen isotopic study of these carbonates suggests that the methane dissociated from gas hydrates is involved in the formation of cold seep (Takeuchi et al., 2001 .
Gas hydrate is one of the clathlates, and naturally exists as a solid comprised of water molecules forming a rigid lattice of cages, containing a molecule of natural gas, mainly methane (e.g., Kvenvolden, 1988 Kvenvolden, , 1993 Kvenvolden, , 2000 . The oceanic gas hydrate is estimated to occupy more than one quarter amount of the dissolved carbon in the ocean (e.g., Matsumoto, 1995) . One volume of methane hydrate has about 175 volumes of methane gas under a standard condition, and methane hydrate is easily dissociated by a pressure reduction or a temperature rise. Gas hydrate, therefore, impacts on the earth system such as a global environmental change and carbon cycle, as an unstable carbon reservoir (e.g., Matsumoto, 1995; Kennet et al., 2000 Kennet et al., , 2003 .
The Kuroshima Knoll is one of the best fields for the study of gas hydrate dissociation, because the P-T condition on top of the knoll is close to the phase boundary between gas and hydrate. This data report provides the results of water temperature and thermal conductivity measurements around the Kuroshima Knoll ( Fig. 2 ; Table 1 ). The heat flow measurement has never been carried out in the Ryukyu Arc, except in the hydrothermal area of the Okinawa Trough (e.g., Yamano et al., 1988) . Piston coring and heat flow surveys were carried out as a part of R/V "Kaiyo" KY03-09 Cruise. The objectives of this cruise are; 1) acquisition of geochemical data in the cold seep area, 2) acquisition of heat flow data for understanding the geothermal structure around the knoll, and 3) paleoenvironmental reconstruction around the knoll. The outline of this cruise was presented by Machiyama et al. (2004) . 
Geologic setting of the Kuroshima Knoll
The Kuroshima Knoll is a small isolated knoll, which is separated by the Kuroshima Submarine Canyon to the west and the Shiraho Submarine Canyon to the east and to the north (Fig. 1B) . The southern slope of the knoll continues into the Yaeyama Basin, which reaches the water depth of more than 3000 m ( Fig. 2A) . The flat top of the knoll ranges from 630 to 800 m in depth.
The lithified to semi-lithified sandstone and mudstone of the Shimajiri Group are exposed on top of the knoll. Calcareous nannofossils from these strata show 1.0 to 1.5 million years (Ma) in age (Matsumoto et al., 1999) origin, such as chimneys, nodules, and pavements, are also distributed in E-W direction. Furthermore, distribution of the cracks, brecciated basement rocks, pockmark-like hollows, and undulating seafloor is consistent with the distribution of seeps and carbonates (e.g., Machiyama et al., 2001b) . The single-channel seismic profiles show that many fractures and probable small gas reservoir are present just beneath the methane gas venting site (Machiyama et al., unpub. data). Thus, the venting methane gas is interpreted to migrate upward along the fractures from the gas reservoir. 
Water temperature on top of the Kuroshima Knoll
In order to understand the geothermal structure of the Kuroshima Knoll, heat flow measurement (HF-01) was carried out at Site A (Calyptogena colony site) on top of the knoll during the KY03-09 Cruise (Fig. 2B) . However, we could not get reliable heat flow value due to the vertical water temperature difference of 1.2 degC within ~30 m just above Site A ("Penetration" in Fig. 3 ; Machiyama et al., 2004) . In order to verify the temperature variation just above the seafloor, water temperature measurement was carried out at Site B during the PC-07 operation. We used ANTARES Temperature Datalogger (manufactured by ANTARES Datensysteme GmbH), which was attached at the head of the piton corer (Fig. 4) .
The operation of PC-07 was as follows. The water temperature record is shown in Figs. 5A and 5B. Temperature decrease by 0.2-0.3 K is recognized between (2) and (3) in Fig. 5B . The temperature decreases by 1K at (3) (Fig. 5B The temperature increases 1K during (4). Then depth variation is 6m at (3) and 30m at (4). Maximum temperature difference reaches 1.2K for 30 m from (2) to (3) (Fig. 5B) .
Temperature records from both HF01 and PC07 sites show a sudden temperature decrease of ~1degC within 10-30m above seafloor. However, we cannot define clearly the temperature profile or temporal variation above seafloor, either because there is a difference in the operation method between heat flow and piston coring, or because the time stamp for wire length log may be shifted from that of temperature data logger. More measurements with detailed observation logs are needed to clarify the geothermal structure around the Kuroshima Knoll in the future.
Measurement of thermal conductivity
and heat flow
During the KY03-09 cruise, we measured thermal conductivity for PC-02 (Site A) and PC-04 (Site 2) cores in the laboratory onboard. The coring sites are shown in Fig. 2 . The PC-02 and PC-04 cores were measured by the Quick Thermal Conductivity Meter (QTM), and the PC-04 core was also measured by the needle probe method (Von Herzen and Meazwell, 1959).
The needle probe method is best used for saturated sediment samples (Fig. 6) . The needle probe is made from a thermister and heater in metal pipe that has enough length for external diameter (more than 50 times). It is inserted into sediment core sample after its temperature is equilibrated to the surrounding environment. We applied the needle probe method for whole- round core samples whose outer pipe was drilled for probe insertion.
The QTM method is used for archive half core samples (Fig. 7) . The flat face of the QTM sensor, on which a thermister and a heater is attached, is brought in tight contact on the cross section of core samples. In both methods, thermal conductivity is determined from the the temperature increase curve while the core sample is continuously heated.
Quartz glass and silicone rubber are used as standard samples for calibration. Then the conductivity is corrected for in-situ temperature and pressure is corrected by the formula (Ratcliffe, 1960):
The results and discussion of thermal conductivity measurement
The results of thermal conductivity measurement are shown in Table 2, Table 3 , Fig. 8, and Fig. 9 . The average of PC-02 core is 1.82 W/m/K, and the average of PC-04 core is 1.05 W/m/K. Flow in Table 2 : Thermal conductivity of PC-02 core. The effects of 'flow in' (core disturbance) are shown in the pale green area. Each average is calculated for normal and 'flow-in' data and all data, respectively. Thermal conductivity of PC-02 core shows very high value as muddy sediments ( Table 2 and Fig. 8 ). The total average value is 2.06 W/m/K. This value is not true because PC-02 core was disturbed by a 'flow-in' in the lower part of the core (Fig. 8) . Thus, the thermal conductivity value in the 'flow-in' part of the PC-02 core is not used for consideration. On the other hand, the value of PC-04 core in the Yaeyama Basin (Table 3 and Fig.  9 ) is similar to that of the Nankai Trough sediments (Yamano et al, 1992) . It is considered that the high value in the PC-02 core is probably due to diagenesis of the sediment, because the PC-02 core sample is older than that of PC-04. Furthermore, the value of the thermal conductivity tends to concentrate on the each stratigraphic horizon (see Figs. 8 and 9 ). This is interpreted as a sedimentological effect, such as the difference of lithology and physical properties.
The thermal conductivity data varies between the needle probe and QTM method (Fig. 9) . This is possibly caused by the difference of analytical method. The heat source in the needle probe method conducts the surrounding sample of the needle, but the heat source of QTM method conducts only the face of the sample. In the measurement of needle probe method, for example, a void of sediment in the core cannot be recognized before the measurement, because of whole core samples. On the other hand, the QTM method can check the condition of split core face. From the above point of view, the disturbed core never been measured by the QTM method. This is possibly the cause of the different thermal conductivity value at the same depth (Fig. 9 ). 
Heat flow value in the Yaeyama Basin
During the KY03-09 cruise, we measured thermal gradient in the Yaeyama Basin (Machiyama et al, 2004) . Therefore, we estimate that the heat flow value in the basin is about 42 mW/m 2 , from the thermal gradient and the thermal conductivity data. This low heat flow value may result from the age of the Philippine Sea Plate, though we could not get another heat flow data in this area. Many data are needed to reveal the thermal structure around this area.
Summary
Heat flow and thermal conductivity measurements were carried out around the knoll during the R/V "Kaiyo" KY03-09 Cruise on the Kuroshima Knoll. We found that the vertical variation of water temperature was as large as 1.2 degC just above the seafloor at Sites A and B on top of the knoll. This can either be temporal or spatial variation, and it disturbs the subbottom temperature field significantly. The thermal conductivity is anomalously high (1.8 Wm -1 K -1 ) at the Calyptogena colony site (Site A) on top of the knoll.
More geothermal measurements are needed to clarify the geothermal structure around the Kuroshima Knoll in the future.
